Introduction
Ovarian steroid requirements for the establishment and maintenance of pregnancy have been investigated in many species. Much of this work has been done using mated females ovariectomized after ovulation and given exogenous hormones to maintain pregnancy (reviews, Sauer, 1979; Levasseur, 1984) . In these studies, the uterus has been influenced by endogenous hormones before and during the oestrus immediately preceding pregnancy.
The ovarian hormone requirements for pregnancy in long-term ovariectomized females (i.e. ovariectomized before the oestrus and ovulation associated with pregnancy) may be studied using embryo transfer and hormone replacement therapy. These requirements have been determined for some species, notably the rat (Psychoyos, 1961) , mouse (Humphrey, 1969) and ewe (Miller & Moore, 1976) .
In the mare, ovariectomy before 50 days of gestation results in abortion. Between 50 and 70 days, progestagen production from the placenta may be adequate to maintain pregnancy if the ovaries are removed (Holtan et al, 1979) . Administration of progestagens can maintain pregnancy in mares ovariectomized at 25-35 days of gestation (Terqui & Palmer, 1979; Shideler et al, 1982) , and in mares after lysis of the corpus luteum by prostaglandin treatment at 10 days of gestation (Parry & Holtan, 1985) . In a study involving transfer of horse embryos into mules (sterile donkeyhorse hybrids), pregnancy was established in one mule that had no apparent ovarian activity (Davies et al, 1985) . This mule was treated with a synthetic progestagen (allyltrenbolone) starting 5 days before transfer, and pregnancy was maintained using this treatment until abortion occurred between 50 and 60 days of gestation.
The horse conceptus produces oestrogens in vitro as early as 8 days of gestation (Flood et al, 1979; Zavy et al, 1979; Heap et al, 1982) . The conceptus is highly motile in the uterus up to 15 days (Ginther, 1983) and contact between it and a large portion of the endometrium is important in pregnancy recognition (McDowell et al, 1985) . Maternal recognition of pregnancy occurs in the mare at about 15 days of gestation (Hershman & Douglas, 1979) . The mechanism by which the presence of the embryo leads to prolongation of luteal function in horses is not known, but probably involves inhibition of prostaglandin synthesis or release from the uterus (Sharp et al, 1984) .
The purpose of this study was to determine whether progesterone alone can prepare the longterm ovariectomized mare for the establishment and maintenance of pregnancy after embryo transfer. After the establishment of pregnancy in ovariectomized mares, oestrogen concentrations were measured to determine whether a rise in peripheral oestrogen due to embryonic production could be detected at the time of maternal recognition of pregnancy. Similarly, FSH and LH concen¬ trations were studied to determine patterns in early pregnancy in the absence of ovarian hormone influence.
Materials and Methods
Ovariectomized recipients. Four light horse mares, about 5-8 years of age and 400-500 kg, with normal repro¬ ductive tracts at palpation per rectum and Category I or I-II endometria by biopsy (Kenney, 1978) (Kenney et al, 1975) . At least 500 106 progressively motile spermatozoa were used for insemination. The day of ovulation was determined by ultrasonography (Ginther, 1986) . The day of donor ovulation, designated Day 0, was used as the reference for age of the embryo and day of gestation after transfer.
Embryo collection and transfer. After donor mare ovulation, an ovariectomized mare was selected as recipient. The recipient was given progesterone, 300 mg in sesame oil i.m. daily, starting on Day 2 after donor ovulation. Injected volume was 3 ml (100 mg/ml), this resulted in minor irritation at the injection sites. Progesterone treatment was started on Day 2 to simulate the recipient ovulating 2 days after donor ovulation, the relationship that appears to produce optimal results in intact recipients (Douglas, 1982; Squires et al, 1982) . Initially, the uteri of donor mares were flushed on Day 7 for embryo recovery. However, because of a low embryo recovery rate, after the first month of the experiment donor mares ovulating within 1 day of each other were grouped to be flushed at the same time (Day 7 or 8 depending on the day of ovulation). When donor mares were grouped, the recipient was started on progesterone treatment on Day 2 after the last ovulation. In this way, each recipient received progesterone for 5 days before embryo transfer. Uterine flush of the donor mare and transfer of the recovered embryo to the uterus of the recipient were performed transcervically as described by Douglas (1982) , with the modification that the transfer was performed entirely per vaginam, without grasping the uterus per rectum. If no embryo was recovered, progesterone treatment of the recipient mare was discontinued, and the mare remained untreated for a minimum of 4 days before preparation for another transfer.
After successful recovery and transfer, recipient mares were maintained on progesterone, 300 mg in oil i.m. daily. (1981) . Recipients were used if they ovulated on the same day as or up to 3 days after the donor. Ovulation detection, mating of donor mares, and flushing and transfer procedures were per¬ formed as above. Differences in pregnancy rate per embryo transferred between ovariectomized and control recipients were determined using Fisher's exact test.
Hormone assays. Total plasma oestrogens were assayed by the method described by Palmer & Terqui (1977) . Oestrogen conjugates were enzymically hydrolysed before extraction, followed by radioimmunoassay of oestrone using an antiserum to oestrone with crossreactivity to other oestrogens (oestratriene-3-ol-17-one, 100%; oestratriene-3,17ß-diol-16-one, 75%; oestratriene-3,16a-diol-17-one, 65%; oestradiol-17ß, 39%). Sensitivity of the assay was 100 pg/ml. The intra-assay coefficient of variation (CV) was 7% for a sample of 2 ng/ml and the inter-assay CV was 17% for a sample of 3-8 ng/ml.
Plasma progesterone concentration was quantitated as previously described (Ginther et al, 1985) , using rabbit antibody raised against progesterone-3-carboxymethyloxime-bovine serum albumin. The sensitivity of the assay was 200 pg/ml. Cross-reactivity for steroids at 50% displacement was: 5a-pregnane-3,20-dione, 18%; pregnenolone, 9%; lla-hydroxyprogesterone, 17a-hydroxyprogesterone, 20a-dihydroprogesterone, aldosterone, oestradiol, oestriol, testosterone, dihydrotestosterone, and androstenedione, <2%. The intra-assay and inter-assay CVs for pooled plasma from dioestrous mares, run in triplicate, were 8-3% and 9-7% respectively.
LH Combarnous (1980) . This purified hormone has an activity equivalent of 169 FSH-NIH-S1 per mg (Combarnous & Henge, 1981 
Results

Ovariectomized recipients
From 25 embryo recovery attempts performed on donor mares, 7 embryos were recovered for transfer into the 4 ovariectomized recipients. Of the 7 transfers, 3 resulted in pregnancy: Mares 1 and 3 maintained pregnancy after the first transfer and Mare 2 after a second transfer. The 3 pregnancies resulted from transfer of 7-day embryos. Mare 4 received embryos on 3 occasions without maintaining pregnancy. After the second and third transfers in this mare, ultrasonography revealed numerous cystic areas in the uterus. The cysts regressed after cessation of progesterone treatment.
Because of the low embryo recovery rate, no recipient received an embryo on the first prep¬ aration for transfer. The number of days recipients were untreated before beginning preparation for the transfer that resulted in pregnancy were 10, 27, and 11 days for Mares 1, 2 and 3 respectively.
Pregnancies developed normally as determined by ultrasound examination and palpation per rectum. All 3 mares delivered normal foals within 10 days of expected foaling date (330, 343 and 338 days), with normal parturition, colostrum formation and lactation, and maternal behaviour.
Controls
Ten embryo recovery attempts were performed in donor mares. Seven embryos were recovered and transferred into the 6 intact recipients, for 5 pregnancies: 4 of the mares maintained pregnancy after the first transfer and 1 mare maintained pregnancy after a second transfer. There was no significant difference in pregnancy rate per embryo transferred between ovariectomized and control recipient mares. 
Hormone measurements
The difference between pregnant and non-pregnant ovariectomized mares was not significant (P > 005) for any of the assayed hormones (Fig. 1) . There was an effect of day for LH concen¬ trations (P < 005) for both groups, as LH concentrations decreased over time.
Progesterone, total plasma oestrogens, FSH and LH values to Day 130 for the 3 pregnant ovariectomized recipients are shown in Fig. 2 .
Discussion
The ovarian hormone requirements for preparation of the uterus for pregnancy vary greatly between species. In most species studied, females ovariectomized in early pregnancy can maintain pregnancy if given only progesterone. Other species, including the mouse, rat, gerbil and lemming, require addition of oestrogen to allow embryo implantation (reviews, Sauer, 1979; Levasseur, 1984) . In some carnivorous species such as the ferret, pregnancy has not been maintained with exogenous progesterone and oestrogen combinations after ovariectomy (Foresman & Mead, 1978) .
In (Miller & Moore, 1976) . The rat and mouse also require oestrogen administration before progester¬ one to maintain pregnancy after transfer in long-term ovariectomized females (Psychoyos, 1961; Humphrey, 1969) . Requirements for pregnancy in long-term ovariectomized females have not been well estab¬ lished in other species. Progesterone alone does not appear to maintain pregnancy after embryo transfer in long-term ovariectomized rabbits (Arthur & Daniel, 1972) , but may in the hamster (Orsini & Psychoyos, 1965) . Pregnancy has been maintained after embryo transfer by using oestro¬ gen and progesterone treatment in long-term ovariectomized cows (Inskeep, 1984) and macaques (Hodgen, 1983) , and in women with no apparent ovarian activity (Lutjen et al, 1984; Feichtinger & Kemeter, 1985) . No attempt was made in these instances to establish pregnancy using only progesterone.
In the present study, 3 of 4 long-term ovariectomized mares given progesterone maintained pregnancy after 7 embryo transfers, and continued the pregnancy to term. Mares were untreated for 10-27 days before beginning treatment associated with pregnancy. No oestrogen was given to these mares, and oestrogen concentrations remained low before and for 40 days after transfer. It is apparent from this study that oestrus itself is not necessary for subsequent establishment of pregnancy in the mare.
After transfer, embryonic oestrogen may contribute to the uterine environment of the ovari¬ ectomized recipients. The function of the oestrogen produced by the horse embryo may be to stimulate uterine tone or the production of glandular secretions, or to help signal maternal recog¬ nition of pregnancy, as in the sow (Bazer & Thatcher, 1977) . In this study no increase in peripheral plasma oestrogens was seen in early pregnancy, suggesting that the oestrogen produced by the embryo may act largely at a local level.
No differences in plasma LH or FSH were shown between the pregnant and nonpregnant ovari¬ ectomized recipients to Day 20. This agrees with findings for intact mares (Urwin & Allen, 1982) , and is further indication that recognition of pregnancy in the mare does not involve major changes in these hormones.
Progesterone concentrations in the ovariectomized mares were similar to those given for an intact pregnant (control) recipient. Progesterone was maintained at a fairly constant level through¬ out the time of administration in the pregnant mares. A small drop in progesterone was seen in Mares 2 and 3 after cessation of treatment at Day 100, but values remained well above the 'critical' level of 4 ng/ml due to progesterone production by the placenta. The rise in oestrogen in the pregnant mares at around Day 50 is attributed to the synthesis of oestrogen and related compounds by the fetal-placental unit. This rise in oestrogen is similar to that reported for mares ovariectomized in early pregnancy and maintained on progesterone (Terqui & Palmer, 1979) . FSH concentrations in the non-pregnant or pregnant ovariectomized mares were higher than in the intact mare, and showed no change over time, which may reflect lack of ovarian inhibin influence. The significant decrease in LH concentrations in the first 10 days in pregnant and nonpregnant ovariectomized recipients is probably due to suppression of pituitary LH output by administration of progesterone. In the pregnant mares a sharp rise in LH, reflecting production of horse CG, started as early as Day 36 (Mare 1) and all mares had levels over 100 ng/ml by Day 40. This agrees with reported patterns of horse CG measured in intact mares (Urwin & Allen, 1982; Kindahl et al, 1982 ).
In conclusion, ovariectomized mares treated with progesterone can establish and maintain pregnancy after transfer of a 7-day embryo. The resulting pregnancy appears to be physiologically normal, and continues uneventfully to term.
